The reports of the Registrar General for Scotland provide information not available elsewhere on-the causes of stillbirth as well as detailed reports on neonatal deaths. Data on the common causes of stillbirth have been available since 1939, by month of birth, maternal age, maternal parity, and legitimacy, and since 1950 by social class of father and place of birth also.
The present communication considers data relating to stillbirths due to anencephalus, spina bifida, and hydrocephalus, and to infant deaths due to spina bifida and hydrocephalus.
SOCIAL CLASS AND LEGITIMACY
The marked association of foetal defect with class was first advanced on adequate data in the report of the Registrar General for Scotland in 1950. An analysis of the incidence of stillbirths due to malformations of the central nervous system according to class and legitimacy is given in Table I and Fig. 1 . The steep trend is striking. The association explains about a quarter of the social variation in stillbirth rate. That is to say, at least a quarter of the social variation in this rate is irrevocably determined by the time a woman attends an antenatal clinic. 
J. H. EDWARDS
The incidence of anencephalus in illegitimate births is considerably lower than considerations of class and parity might suggest. In Birmingham, Record and McKeown (1949) found eight illegitimate anencephalics against an expectation, without standardizing for parity, of 15 3. In spina bifida the few cases in illegitimate stillbirths are not suggestive of any influence of illegitimacy, and agree, in this, with the Birmingham data. In hydrocephalus there is a considerably higher incidence in illegitimate births than in legitimate births in the years [1950] [1951] [1952] [1953] [1954] [1955] [1956] . A comparison of the numbers of illegitimate stillbirths with those expected, if the incidence was the same as in legitimate births in Scotland from [1939] [1940] [1941] [1942] [1943] [1944] [1945] [1946] [1947] [1948] [1949] (Table II) , confirms that anencephalus is less common in illegitimate births: however the apparent increase in risk in hydrocephalus cannot be confirmed in these years. 
PARITY
The form in which the Scottish data are presented limits any independent analysis by maternal age and parity. We may, however, obtain a fairly precise estimate of the relative liability in first births compared with second births, since the mean interval between these births is small, so that maternal age, like class, has in these conditions only a slight and conservative bias. The ratio of numbers of first born to second born in the affected (Table III) , divided by that ratio in the control population, gives this relative liability (Table IV) . This ratio, being based on stillbirths, will also reflect any variation with parity in the proportion of malformed foetuses surviving birth. In anencephalus this proportion is too slight to lead to more than a slight exaggeration of this ratio, but in the case of spina bifida and hydrocephalus the increased hazards of first births and the larger proportion surviving might be expected to considerably exaggerate this ratio. Data collected in Birmingham and Rhode Island, which are based on both stillbirths and infant deaths, are therefore shown alongside the Scottish figures. The consistency of the three series suggests that no gross bias is introduced by restricting attention to stillbirths. In Scotland there is clear evidence in each condition of a relative increase in risk to the foetuses of primiparae of almost a half.
MATERNAL AGE
In anencephalus and hydrocephalus, but not in spina bifida, there is a U-shaped distribution of incidence with maternal age, the incidence falling until about 25 years, and then rising fairly steeply. The proportion of first births is, of course, much higher in young women, and, if we make the assumption that the relative increase in liability due to primogeniture is constant by age and class, we may eliminate this bias by weighting the controls to contain the appropriate excess of primiparae and the appropriate proportion of each social class. An examination of the Birmingham series showed that age did not appear to influence the primogeniture effect in anencephaly, spina bifida, or hydrocephalus.
The relative liabilities at each maternal age are given in Table V and Fig. 2 (opposite) . Because of the small effects of standardizing for class, and the almost equal primogeniture effect in each condition, the standardization has not appreciably influenced the comparative effects of maternal age on the three conditions. Each shows a steeply rising trend with maternal age, the relative liability at age 40-44, compared with that at 20-24, being doubled in CONGENITAL MALFORMATIONS OF THE CENTRAL NERVOUS SYSTEM 117 anencephalus and hydrocephalus and trebled in spina bifida. However, it is not possible to distinguish between the contribution due primarily to maternal age and that consequent on parity; it is possible that the maternal age effect is largely due to the incidence increasing with parity, independently of social class and to the close association of maternal age and parity.
Since the data are restricted to stillbirths, and only about one-fifth of cases of spina bifida, and two-thirds of hydrocephalics, are stillborn, the increasing incidence with maternal age may to some extent reflect an increasing proportion of cases being stillborn at higher maternal ages. The trends are smooth, and it does not appear likely from the Figure that the relatively high rates of anencephalus and hydrocephalus in women under 20 are sampling effects. It may, however, be due to the primogeniture effect being more marked in very young women. Attempted abortion is unlikely to predispose to anencephalus very frequently as it is no commoner among illegitimate births. There is also direct evidence confirming this (Whitehouse and McKeown, 1956 ).
REGIONAL VARIATION
The incidence of each malformation shows distinct geographical variation (Table VI and Fig. 3,  overleaf) .
In each the range in incidence varies by a factor of at least two. In general, the incidence in the Lowlands exceeds that in the Highlands, but there is no particular association with the great industrial areas which show for These positive correlations are to some extent due to the association between the incidence of each condition and social class; this probably explains the correlation with post-neonatal death rates.
It is convenient to explore urban/rural variations of incidence in the larger towns and smaller cities, as the two main cities, having large ports, are likely to be partly populated by seaborne immigration and not genetically comparable to their surrounding country. Analysis shows a considerable and consistent increase in risk of spina bifida attributable to urbanity, but no association between urbanity and anencephalus or hydrocephalus (Table VIII) . The method of analysis is described in Appendix A.
LONG-TERM SECULAR TRENDS
The proportion of all births resulting in each of the three common malformations of the central nervous system varies considerably from year to year (Fig. 4, overleaf) , and there appears to be little concordance between any pair (Table IX) . If we consider the incidence in first and in all other birth ranks separately (Fig. 5) , it is clear that the greater part of the variation is due to a varying incidence in first births, and that the incidence in these births appears to vary independently of that in later births, which it does not always exceed (Fig. 6 ). SEASONAL VARIATION A pronounced seasonal variation in the incidence of anencephalus, the winter incidence being about a third as great again as the summer incidence, has already been demonstrated on the Scottish data in confirmation of a similar variation observed in Birmingham (McKeown and Record, 1951) . Analysis of the data for Scotland since published shows an identical trend, and confirms the absence of any seasonal variation in incidence in spina bifida or hydrocephalus.
A more exacting analysis may be made by fitting a harmonic curve to the monthly incidence for 123 group.bmj.com on June 21, 2017 -Published by http://jech.bmj.com/ Downloaded from each year: in view of the nature of the variation it is appropriate to take the year starting in July and ending in June. The estimated parameters of the fitted curve of relative incidence for the years between July, 1939, and June, 1956, are shown in Fig. 9 . The sector in which a point lies represents the month of maximum incidence, and its distance from the centre its seasonal fluctuation in percentage of the mean.
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DISCUSSION
We may first summarize, in diagrammatic form, the sources of variation in incidence considered above (Fig. 10) . These must be regarded as based on the margins of a multidimensional contingency table. The extent to which such studies allow inferences to be made about the body of the table is questionable as there is no unique body for any set of marginal totals. Multiple regression methods are sometimes recommended in these situations but their use is only justifiable if sufficient is known to justify the extensive assumptions on which they are based.
In all three malformations, the influence of the environment is so great that it is reasonable to doubt whether the disorders are genetically determined except in the essentially trivial sense that in such a fragile situation as the developing embryo the initial composition of the zygote will obviously be of importance. The available data on these malformations do not allow any inference that they are genetically determined in the sense that not more than a small proportion could be prevented by changing the environment within the framework of its present variation.
While it is becoming usual to regard an unexplained disease with a familial incidence as genetically determined, such conventions as monogamy and non-communal feeding do not allow the inference that familial disorders are decided at conception. At the present time the evidence for genetic determinants of the major congenital malformations is considerably less than the evidence which could have been advanced 50 years ago purporting to show that rickets was genetically determined. of such women, suggests that a group of women might be specified in relation to their environment who had very low risks of producing a malformed child and almost no risk of an anencephalic. The relatively high maternal age and the high proportion of first births typical of this class make the advantages this environment confers even more remarkable, and any genetic predisposition to these malformations appears to be of the same order of controllability as predispositions to rickets or obesity. Coffey and Jessop (1957) have shown that in Dublin it is possible to define groups by such criteria as a low haemoglobin, a low plasma protein level, or an unemployed husband, in which the risk of an anencephalic birth exceeds 1 per cent. In Aberdeen, Anderson, Baird, and Thomson (1958) have shown on small numbers that anencephalus may be as common as this in short women of Social Class V.
The nature of this environmental influence is not clear. In view of the low incidence of anencephalus in France (Penrose, 1957) and the relatively high incidence in Rhode Island, U.S.A., some explanation other than generalized impairment in nutrition seems necessary. In Birmingham, an extremely detailed survey of the maternal environment in relation to work during pregnancy in six categories, occupation of husband by fourteen categories, and of rent by ten categories (Record and McKeown, 1949) was not suggestive of even the mildest association of these indices of class with malformation of the central nervous system taken together.
LEGITIMACY.-While the data are not suggestive of any considerable and consistent difference in risk in spina bifida or hydrocephalus, there is strongly suggestive evidence that anencephalus is relatively less frequent in illegitimate births particularly if allowance is made for class and parity. The interpretation of the relative hazards of illegitimacy is difficult; mothers of illegitimate babies include a majority of young primiparae spread among all social classes, and a minority of women whose age and parity status do not differ grossly from those of married women, and whose living conditions tend to be bad. The high proportion of primiparae of the former, and the poor circumstances of the latter, might be expected to lead to a-high incidence of all three types of malformations. From these data it appears that ineffectual attempts at abortion could not be responsible for more than a very small proportion of C.N.S. abnormalities of the central nervous system. PARITY.-The only safe inference which can be made from the Scottish data relate to the relative risk of primogeniture, and this is considerable in all three malformations. In anencephalus the various features of the secular trends in first and other births suggest that this increased risk in primogeniture may be in part due to a distinct condition, with a lower sex-ratio, to which spring and summer conceptions of primiparae are peculiarly but erratically predisposed. The data for spina bifida and hydrocephalus are too limited to allow any breakdown.
This primogeniture effect can only be interpreted as implying that the uterine environment in the few weeks after fertilization differs sufficiently between first and second pregnancies to reduce the risk of the zygote maturing with a malformation of the central nervous system by about one-third.
MATERNAL AGE.-In spina bifida and hydrocephalus, the considerable proportions surviving birth, and the probability that they are influenced by maternal age, prohibits any accurate assessment from data restricted to stillbirths of the increased risks associated with maternal age. While the increased hazards of birth with increasing maternal age must exaggerate these trends they can hardly be sufficient to explain them.
In anencephalus, although the infrequency of surviving birth makes this a trivial source of bias, it remains a possibility that, if the body of the ageparity table were known, the apparent influence of maternal age would merely reflect a parity effect.
The data for maternal age also give the sex of the stillbirth: an efficient test for trend was not suggestive of any tendency for the sex-ratio to be influenced by maternal age. In view of the sampling errors involved (if we assume a hypothetical infinite universe), this is not inconsistent with the lower proportion of males in firstborn anencephalics in Birmingham (MacMahon and McKeown, 1952) .
REGIONAL VARIATION.-The way in which a study of the regional variations of congenital disorders may assist in understanding their aetiology is most easily considered by analysing the variations expected on certain assumptions.
First, in a disease the incidence of which varies if the same genotypic group is exposed to various environments, as in silicosis or typhoid, a study of those areas where the disease is very common and very rare may enable relevant differencies in the environment to be inferred. In addition, high correlation between various groups of diseases, as between chronic bronchitis and carcinoma of the stomach (Stocks, 1947) , gives strong evidence that there are some environmental hazards common to both conditions. Secondly, in a disease peculiarly common in certain genotypic groups, a study of the regional range may suggest some racial proclivity not completely blurred by intermarriage. For example, a subgroup of invaders, colonists, or immigrants may be peculiarly susceptible to some disorder, as Cypriots to thalassaemia, and areas of high incidence may merely reflect a disproportionate ancestry from these sources. While it is difficult to unravel the past, a variable and uncorrelated proportion of different disorders by area is inconsistent with any two of these disorders being strongly predisposed to as a result of the same genetically determined proclivity.
The regional pattern shows that an area with a high incidence of any one of the three major malformations of the central nervous system tends to have a high incidence of both the others, and that the association between anencephaly and spina bifida is particularly high. These associations reflect those found if the scale of the map is increased so that the single family becomes the unit (Penrose, 1946; Record and McKeown, 1950; MacMahon and others, 1953) .
In neither case is it permissible to assume that these various deformities are end-results of similar initial disturbancies, as they may result from independently acting agencies which are correlated. The independence of the secular variations in these conditions very strongly suggests that they are largely determined by distinct influences.
The only inferences which can be made from the regional data are that the very considerable variations in the incidence of malformations are to some extent correlated with circumstances predisposing to a high post-neonatal death rate and that in Scotland urbanity does not appreciably influence the incidence of anencephalus or hydrocephalus, but considerably and consistently increases the risk of spina bifida. (1) Infection.-The absence of any pronounced tendency to clumping in the time sequence of cases of each malformation, and the absence of any seasonal trend in spina bifida and hydrocephalus, probably excludes epidemic infections as a major cause. Endemic infections cannot be excluded on these grounds. In anencephalus, in which the class gradient makes this explanation attractive, the seasonal trend of greatest risk for early summer conceptions seems an unlikely consequence of an endemic infection in Scotland.
An increased incidence of febrile infections early in pregnancy resulting in anencephalus has been recorded on retrospective inquiry by Coffey and Jessop (1957) .
Prospective inquiries relating to pregnancies resulting in any malformation have also shown this (Bull. Inst. nat. Hyg., Paris, 1956; MacDonald, 1958 (4) Hormones.-The variation in hormone levels is hardly likely to vary so widely by place, time, or social class as the abnormalities of the central nervous system, and it is unlikely that this aspect of the uterine environment could explain more than a small fraction of the variation in incidence. Recently a hormone preparation which disturbs the empty uterus sufficiently to induce menstruation has been widely advertised as a method of diagnosing pregnancy. Although this has not been in use long enough to be relevant to the differences in the years up to 1956, it is the type of insult which is likely to cause foetal malformations, and would often be administered at a stage in pregnancy when it might initiate malformations of the central nervous system.
(5) Mechnical Trauma in utero.-Anencephalus and spina bifida are probably determined in the first few weeks of embryonic life. Attempted abortion is unlikely to be a predisposing cause in anencephalus which is less common among illegitimate births. The data on spina bifida are hardly adequate to assess any effects of illegitimacy, but there is nothing to suggest any considerable influence. In hydrocephalus the stage at which the abnormality usually becomes irreversible is unknown: while the available data for [1950] [1951] [1952] [1953] [1954] [1955] [1956] are consistent with an appreciable proportion of hydrocephalics being consequent on attempted abortion, this interpretation is not supported by the more extensive data for the years [1939] [1940] [1941] [1942] [1943] [1944] [1945] [1946] [1947] [1948] [1949] . Mechanical effects from coitus in the first weeks of pregnancy are hardly likely as an important cause of an abnormality which is almost as common in illegitimate births, and in which the incidence increases with maternal age.
(6) Radiation Trauma from diagnostic procedures can clearly be ruled out as a common cause in view of the probable time of the foetal insult. Nevertheless it is of interest to note that, if an ad hoc inquiry based on a comparison of malformations of the central nervous system with a randomly ascertained collection of controls were made, the combined influences of primiparity, maternal age, and in the case of spina bifida, of urbanity, might conspire to produce a spurious association with pelvimetry. The association of a small pelvis with low social class might considerably increase the intensity of such an apparent association. 
